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Abstract 

Introduction: Research has demonstrated that intensivist-led care of the critically ill is associated with reduced 
intensive care unit (ICU) and hospital mortality. The objective of this study was to evaluate whether a relation 
exists between intensivist cover pattern (for example, number of days of continuous cover) and patient outcomes 
among adult general ICUs in England. 

Methods: We conducted a retrospective cohort study by using data from a pooled case mix and outcome 
database of adult general critical care units participating in the Intensive Care National Audit & Research Centre 
(ICNARC) Case Mix Programme. Consecutive admissions to participating units for the years 2010 to 201 1 were 
linked to a survey of intensivist cover practices. Our primary outcome of interest was mortality at ultimate 
discharge from acute-care hospital. 

Results: The analysis included 80,122 patients admitted to 130 ICUs in 128 hospitals. Multivariable logistic 
regression analysis was used to assess the relation between intensivist cover patterns (days of continuous cover, 
grade of physician staffing at nighttime, and frequency of daily handovers) and acute hospital mortality, adjusting 
for patient case mix. No relation was seen between days of continuous cover by a single intensivist or grade of 
physician staffing at nighttime and acute hospital mortality. Acute hospital mortality and ICU length of stay were 
not associated with intensivist characteristics, intensivist full-time equivalents per bed, or years of clinical experience. 
Intensivist participation in handover was associated with increased mortality (odds ratio, 1.27; 95% confidence 
interval, 1.04 to 1.55); however, only nine units reported no intensivist participation. 

Conclusions: We found no relation between days of continuous cover by a single intensivist or grade of physician 
staffing at nighttime and patient outcomes in adult, general ICUs in England. Intensivist participation in handover 
was associated with increased mortality; further research to confirm or refute this finding is required. 



Introduction 

For the past two decades, research has demonstrated 
that input from physicians with special expertise in the 
care of the critically ill, termed intensivists, improves 
patient care and outcomes. A recent systematic review 
of observational studies indicated that comprehensive 
intensivist-led care, when compared with partial or non- 
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intensivist care, decreased intensive care unit (ICU) and 
acute hospital mortality, as well as decreasing length of 
stay (LOS) in both the ICU and the hospital [1]. Based on 
similar earlier findings [2,3], in 2011, the European Society 
of Intensive Care Medicine (ESICM) established guide- 
lines for intensivist staffing of ICUs [4], recommending 
that trained intensivists be the most responsible physicians 
in the care of critically ill patients and that they should 
provide, ideally, 24-hour, in-house cover [5]. 

In a 1999 report by the UK Audit Commission, higher- 
than-expected acute hospital mortality was reported for 
ICUs with sessional allocation, where an intensivist worked 
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a set number of sessions each week (for example, every 
Tuesday morning), compared with those with weekly allo- 
cation, in which an intensivist worked in the ICU for a 
week [6]. This finding was subsequently supported by 
other observational studies [7,8]. It was hypothesized that 
weekly cover might improve continuity of care (intensivists 
are likely to have an improved overall knowledge of a 
patients condition), allow more-timely treatment (more 
time available to conduct treatment/procedures rather than 
defer them to the next session), and facilitate communica- 
tion (less information lost in handovers) [8] . 

Despite the recommendations of the 1999 Audit Com- 
mission report, sessional allocation of staffing for ICUs 
persists. The UK Intercollegiate Board for Training in 
Intensive Care Medicine and the Intensive Care Society 
(ICS) have suggested that the shortages in appropriately 
and fully trained intensivists may play a role in limiting 
its implementation [9]. 

Given the advantages of an intensivist presence, our 
hypothesis was that greater intensivist exposure within a 
high-intensity model of care (that is, transfer of care to 
an intensivist-led team or mandatory consultation of an 
intensivist) would be associated with a decrease in acute 
hospital mortality. We examine the relation between in- 
tensivist cover pattern (days of continuous cover, grade of 
physician staffing at nighttime, and frequency of daily 
handovers) and patient outcomes (risk-adjusted acute hos- 
pital mortality and ICU LOS among survivors) in adult, 
general ICUs in England. 

Methods 

Study design 

A prospective survey of ICU intensivist staffing, struc- 
tures, and care processes was conducted in 2011. The 
10-item questionnaire (see Additional file 1) was devel- 
oped and distributed to 177 clinical leads or clinical di- 
rectors in 185 adult, general (mixed medical/surgical) 
ICUs (including combined intensive care/high-depend- 
ency units) in England participating in the Intensive Care 
National Audit & Research Centre (ICNARC) Case Mix 
Programme, the national clinical audit of adult intensive 
care. The questionnaire had the following domains: 
organization, rota, and intensivists. 

The questionnaire was developed through a literature 
review and focus-group consultation with experts in in- 
tensive care workforce-related issues. Experts included 
intensivists, health services researchers, and leaders/rep- 
resentatives from the ICS and Faculty of Intensive Care 
Medicine (FICM). The questionnaire was further refined 
by consulting a similar questionnaire developed in the 
United States (personal communication, Dr. Jeremy Kahn, 
University of Pittsburgh). 

A detailed process of item generation, item reduction, 
question formatting, and pretesting or piloting of the 



questionnaire was completed [10]. Before administration, 
clinical sensibility, validity, and reliability of our ques- 
tionnaire were assessed in a sample of intensivists. The 
questionnaire was pilot-tested by eight intensivists, and 
preliminary data were analyzed to ensure statistical utility 
(for example, absence of ceiling and floor effects) and clin- 
ical sensibility. Some questions were reworded for clarity. 

The survey was administered electronically under the 
auspices of ICNARC, the ICS, the FICM, and the Royal 
College of Anaesthetists. Consent for participation was 
voluntary, and implied by the completion and return of 
the self-administered questionnaire. Any perceived incon- 
sistencies in acquired data were clarified or confirmed by 
telephone. The London School of Hygiene and Tropical 
Medicine Ethics Committee approved the study (Study 
approval number: 010/101). 

Unit-level survey responses were linked with patient- 
level data from the Case Mix Programme database. The 
database contains raw physiological and diagnostic data 
needed for the Acute Physiology And Chronic Health 
Evaluation (APACHE) II and ICNARC risk-prediction 
models [11,12], in addition to demographics, outcomes 
(ICU/hospital mortality) and activity (ICU/hospital LOS) 
data, for consecutive admissions to ICUs participating in 
the Case Mix Programme. Trained data collectors abstract 
prospectively recorded clinical data, retrospectively, and 
the collected data undergo extensive validation both lo- 
cally and centrally, as detailed previously [13,14]. Data 
were extracted for all admissions to adult, general ICUs in 
England between 1 April 2010 and 31 March 2011, corre- 
sponding to the timing of survey administration. Readmis- 
sions to the ICU within the same acute hospital stay and 
admissions with missing acute hospital outcomes were 
excluded from the analysis. 

Statistical analysis 

Survey responses were summarized for all responders; 
only ICUs with complete survey data and Case Mix 
Programme data were included in the linked analysis. 
Patient characteristics and outcomes were summarized 
for admissions to responding and nonresponding units; 
responding units include both those units included in 
the linked analysis (complete survey response) and units 
with an incomplete survey response. Descriptive statistics 
are presented as number and percentage, mean and stand- 
ard deviation (SD), or median and interquartile range 
(IQR), as appropriate. 

Analyses of linked, unit- and patient-level data were 
conducted by using multilevel logistic (for acute hospital 
mortality) and log-linear (for ICU LOS for survivors) re- 
gression models to explore the association between 
intensivist cover pattern and clinical outcomes, adjusted 
for the components of the ICNARC risk-prediction model 
(age, location before admission, CPR within 24 hours before 
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185 adult, general ICUs in England 
participating in the CMP 



Responders: N=162 (88%) 



Exclusions: 

No CMP data available 
N= 9 (7%) 



CMP data available: N=151 (93%) 
93,195 admissions 

Mean (SD) ICNARC Physiology Score 17.5 (9.5) 
Median (IQR) ICNARC (2011) model predicted risk 
of death 14.0% (4.0%, 39.1%) 
Mean (SD) APACHE II score 16.1 (7.0) 
Median (IQR) APACHE II (201 1 recalibration) 
predicted risk of death 1 6.0% (5.8%, 35.4%) 
Acute hospital mortality 21 ,320/88,507 (24.1%) 



Exclusions: 

Incomplete survey response 
N=21 (14%) 



Complete survey response: N=130 (86%) 
84,402 admissions 

Mean (SD) ICNARC Physiology Score 17.5 (9.5) 
Median (IQR) ICNARC (2011) model predicted risk 
of death 13.9% (4.0%, 38.9%) 
Mean (SD) APACHE II score 16.1 (6.9) 
Median (IQR) APACHE II (201 1 recalibration) 
predicted risk of death 16.0% (5.8%, 35.2%) 
Acute hospital mortality 19,149/80,128 (23.9%) 



Figure 1 Numbers of adult general ICUs and patients in the study. 



Non-responders: N=23 (12%) 



Exclusions: 

No CMP data available 
N=1 (4%) 



CMP data available: N=22 (96%) 
9,782 admissions 

Mean (SD) ICNARC Physiology Score 16.6 (9.7) 
Median (IQR) ICNARC (201 1) model predicted risk 
of death 1 1.7% (3.1%, 35.6%) 
Mean (SD) APACHE II score 15.5 (7.0) 
Median (IQR) APACHE II (2011 recalibration) 
predicted risk of death 14.0% (4.8%, 32.4%) 
Acute hospital mortality 2,145/7,188 (23.0%) 



admission, ICNARC Physiology Score and body system of 
the primary reason for admission) [11], and a random effect 
of unit. 

Structure and intensivist staffing variables included in 
the multilevel models were as follows: absolute number 



of rounds per week; absolute number of handovers in 
24 hours (averaged over 1 week); intensivist participation 
in handovers (weekdays only or weekdays and weekends 
compared with no intensivist participation); maximum 
number of continuous days of intensivist cover; 



Table 1 Characteristics of the ICUs according to survey response 

Responders 



Characteristic 


All (W=162) 


Included in analysis (n = 130) 


Not included in analysis (n = 32) 


Nonresponders (n = 23) 


Pvalue 


Annual ICU admissions 










0.003 


Median 


580 


640 


440 


390 




Interquartile range 


430-780 


440-820 


370-680 


290-580 




ICU beds, number (%) 










0.028 


<8 


36 (22.2) 


29 (22.3) 


7 (21.9) 


12 (52.2) 




8 to 10 


51 (31.5) 


32 (24.6) 


1 9 (59.4) 


5 (217) 




1 1 to 1 5 


35 (21.6) 


33 (25.4) 


2 (6.3) 


4 (17.4) 




>15 


40 (24.7) 


36 (27.7) 


4(12.5) 


2 (8.7) 




Academic status, number (%) 










0.37 


University-affiliated 
hospital 


75 (46.3) 


59 (45.4) 


16 (50.0) 


8 (34.8) 




Nonuniversity hospital 


87 (53.7) 


71 (54.6) 


16 (50.0) 


1 5 (65.2) 
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Table 2 Survey responses from all responders and those ICUs included in the analysis of linked unit-level and 
patient-level data 



Characteristic 



All responders 
(n = 162) 



Included in analysis 
(n = 130) 



P value 



Full-time lead or clinical director, number/total number (%) 
Unit format, number (%) 

Closed 

Open 

Formal rounds in 24 hours (weekday), number (%) 
1 

2 
3 

4 or more 

Formal rounds in 24 hours (weekend day), number (%) 
0 
1 

2 
3 

Handover rounds in 24 hours, number (%) 
1 

2 
3 
4 

Intensivist participation in handover rounds, number (%) 

No intensivist participation 

Weekdays only 

Weekdays and weekend days 
Nighttime cover pattern, number (%) 

Intensivist in-house (dedicated or cross-cover) 

Specialty registrar (dedicated); 

Intensivist exclusively on-call for the ICU 

Specialty registrar (dedicated); 

Intensivist not exclusively on-call for the ICU 

Specialty registrar (cross-cover); 

Intensivist exclusively on-call for the ICU 

Specialty registrar (cross-cover); 

Intensivist not exclusively on-call for the ICU 

Senior or junior medical officer; 

Intensivist exclusively on-call for the ICU 

Senior or junior medical officer; 

Intensivist not exclusively on-call for the ICU 
Number of intensivists available to staff ICU, number (%) 

<6 

6-8 

9-11 

12+ 



161/162 (994) 

162 (100) 
0(0) 

38 (12.5) 
88 (54.3) 
30 (18.5) 
6 (3.7) 

1 (0.6) 
83 (51.2) 
72 (44.4) 
6 (3.7) 

6 (3.7) 
1 1 7 (72.2) 
37 (22.8) 

2 (1.2) 

9 (5.6) 
40 (24.8) 

1 1 2 (69.6) 

4 (2.6) 

70 (45.2) 

10 (6.5) 
21 (13.5) 
30 (19.4) 
17(11 .0) 

3 (1.9) 

24 (15.2) 

71 (44.9) 
35 (22.2) 
28 (17.7) 



129/130 (99.2) 

130 (100) 

0 (0) 

30 (23.1) 
70 (53.8) 
25 (19.2) 

5 (3.8) 

1 (0.8) 
61 (46.9) 
64 (49.2) 
4(3.1) 

3 (2.3) 
95 (73.1) 
30 (23.1) 
2(1.5) 

6 (4.6) 
33 (25.4) 
91 (70.0) 

4(3.1) 

59 (45.4) 

9 (6.9) 

18 (13.8) 

24 (18.5) 

13 (10.0) 

3 (2.3) 

21 (16.2) 
54 (41.5) 
30 (23.1) 

25 (19.2) 



1 .00 



0.97 



0.044 



0.26 



0.56 



0.95 



0.38 
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Table 2 Survey responses from all responders and those ICUs included in the analysis of linked unit-level and 
patient-level data (Continued) 



FTE intensivists per bed 






0.37 


Median 


0.50 


0.50 




Interquartile range 


0.35-0.69 


0.35-0.71 




Base specialty of intensivists - no. (%) 






0.59 


Anesthetics 


1 ,223 (93.4) 


1,048 (93.3) 




Medicine 


72 (5.5) 


61 (5.4) 




Emergency medicine 


1 2 (0.9) 


12 (1.1) 




Surgery 


2 (0.2) 


2 (0.2) 




Years of clinical experience; number (%) 






0.88 


<3 years 


281 (21.5) 


238 (21.2) 




4-6 years 


249 (1 9.0) 


217 (19.3) 




7-10 years 


258 (19.7) 


221 (19.7) 




>10 years 


521 (39.8) 


447 (39.8) 





nighttime cover pattern (intensivist, specialty registrar 
(dedicated) with intensivist not exclusively on call, spe- 
cialty registrar (cross cover) with intensivist exclusively 
on call, specialty registrar (cross cover) with intensivist 
not exclusively on call, senior or junior medical officer 
with intensivist exclusively on call, or senior or junior 
medical officer with intensivist not exclusively on call 
compared with specialty registrar (dedicated) with inten- 
sivist exclusively on call); number of ICU beds; number 
of full-time equivalent (FTE) intensivists on the ICU 
staff per bed; and average years of clinical experience of 
intensivists (weighted by FTE). 

Results of the multilevel models are presented as the 
odds ratio (OR) for acute hospital mortality or the rela- 
tive effect on ICU LOS (the exponential of the coeffi- 
cient from the log-linear model) with 95% confidence 
intervals (CIs). As a sensitivity analysis, the multivariable 
models were re-run with a binary variable representing 
multiple compared with single or partial days of intensi- 
vist cover in place of the number of continuous days of 
intensivist cover. 

All analyses were conducted with Stata/SE version 
10.1. 

Results 

Survey responses were received from 162 of 185 adult, 
general ICUs (in 160 of 183 acute hospitals) in England 
participating in the ICNARC Case Mix Programme 
(88%; Figure 1). Of these, 151 had sufficient Case Mix 
Programme data available for inclusion in the analyses, 
of which 21 units had incomplete survey responses. A 
cohort of 84,402 admissions to 130 (70%) ICUs (in 128 
acute hospitals) comprised the final dataset for analysis. 

The ICUs were diverse with respect to the annual 
number of admissions, number of beds, reported 



academic status, and geographic region (Strategic Health 
Authority). ICUs in which the clinical lead responded to 
the survey were, on average, smaller (in terms of annual 
admissions and beds) than those that did not (Table 1). 
Patient characteristics and outcomes were also similar 
between responding and nonresponding ICUs. Survey 
responses for all 162 responders and for the 130 ICUs 
included in the analysis of linked unit- and patient-level 
data are shown in Table 2. Among responding ICUs, 161 
(99%) had a full-time lead or clinical director, and all 162 
(100%) reported their unit-cover model as being closed. 
Four ICUs (3%) reported providing in-house, nighttime 
intensivist cover (24-hour intensivist cover), although on 
further investigation, in all cases, this was cross-cover 
from another service and not dedicated to ICU. 

In the units without in-house, nighttime intensivist 
cover, the most common nighttime staffing models were 
a specialty registrar (a trainee in critical care who has 
finished training in anesthesia, surgery, accident and 
emergency, or internal medicine; equivalent grade of 
trainee to a fellow in North America) dedicated to the 
ICU (80; 52% of ICUs), a specialty registrar cross- 
covering the ICU in addition to another service (51; 30% 
of ICUs), and a senior or junior medical officer (a trainee 
with an equivalent grade of training to a resident in 
North America), either dedicated or cross-covering (20; 
13% of ICUs). 

Unit organization and outcome 

In the multilevel, logistic regression model (Table 3), the 
absolute number of formal rounds per week and the 
absolute number of handovers in a 24-hour period were 
not associated with risk-adjusted acute hospital mortal- 
ity. However, both intensivist participation in handovers 
during weekdays (Monday through Friday) and during 
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Table 3 Structure of rounds/handovers, nighttime pattern 
of physician cover, and intensivist characteristics and 
acute hospital mortality 

Odds ratio (95% CI) 
Univariable Multivariate 



Table 3 Structure of rounds/handovers, nighttime pattern 
of physician cover, and intensivist characteristics and 
acute hospital mortality (Continued) 

Location before admission 
(versus Emergency Department) 



Structure of rounds/handovers 








Clinic or home 


0.97 




Number of ICU beds 


0.99 




0.98 




(0.81, 


1.16) 


(npr fivp ^HHitinn^l hpHO 

^L^tTI 1 1 V L: uUUI LIUI lal L^LTLJ 


(0.95, 


1.02) 


(0.93, 1 .02) 


Other critical care unit 


1.27 




Absolute number of rounds per week 


0.99 




1.00 




(1.16, 


1.38) 


^[Jfcri icvcl 1 dUUILIUIIdl [(JUIIUS^ 


(0.92, 


1.05) 


(0.93, 1 .06) 


Theater (elective/scheduled surgery) 


0.29 




Absolute number of handovers in 


1.03 




1.03 




(0.23, 


0.35) 


24 hours (per additional handover) 


(0.95, 


1.12) 


(0.94, 1.12) 


Theater (emergency/urgent surgery) 


0.62 




Intensivist participation in handover 










(0.51, 


0.75) 


rounds (versus no intensivist participation) 








Ward or intermediate-care area 


1.60 




Weekdays only 


1 ~)Q 

i .zy 




1 JJ 




(1.52, 


1.69) 




(1 04 


1 59) 


n 07 1 ft^i 

\\ X)/ , 1 .UD) 


CPR within 24 hours before dmission 


2.55 


VVccKUdyb dMU vvtrtrtMrl ILo 


1 24 




1 27 




(2.35, 


2.77) 




(1 02 


i .jzj 


^ I .Lr+, I .DO) 


ICNARC Physiology Score (per 5 points) 


1.88 




fV/l^vinni i m r~r~~\r\t'\r~:\ \r~\\ \<z n3\/c i r^ton c:iwic■t" 
lVldAll I IUI 1 1 L.UI I II I l UUUi Udyb II I Ltr f lilvlbL 


1 01 




1 02 




(1.86, 


1.91) 


cover (per additional day) 


(0 99 


1 03) 


n nn 1 n^ 


Primary reason for admission 


niy iiiunit? panem or pnybician cover 








(\/c±r':\ ic Roc nl ratnrv^ 
vc i jUj ntroui i o lui y j 






Nighttime cover pattern (versus specialty 








L-d 1 U lUVdbLU Id 1 \\ IUI 1 iU I Lj ILdlJ 


0 85 




registrar (dedicated); intensivist 
exclusively on call) 










(0.79, 


0.92) 


Intensivist 


0.98 




0.96 


Cardiovascular (surgical) 


I .zu 






(0.77, 


1.26) 


(0.76, 1.21) 




(0 98 


1 471 


Specialty registrar (dedicated); 


0.98 




0.91 


Dermatologic (nonsurgical) 


0.92 




i nl"Pn c twirl" nrrl - pvr i ici\/P \/ nn r~a 
ii i Ltr i liiviji i iul CAL.iLoivdy lji i v.aii 


(0.82, 


1.16) 


(0.75, 1.10) 




!C\ 73 
J, 


1 1 f>\ 


Specialty registrar (cross-cover); 


1.05 




1.02 


Dermatologic (surgical) 


1.03 




intpn^i\/it;t pvrli kivpIv nn mil 

II ILLTI IjIVIjL CTAL. 1 U J 1 V L7 1 y Ul 1 Lull 


(0.92, 


1.19) 


(0.90, 1.16) 




in 7n 


1 ^n^ 


Specialty registrar (cross-cover); 


1.03 




1.01 


niuuLMMe \\ iui ibui y \La\) 


0 45 




intpn^h/Kt nnt pvrli ki\/pK/ nn rsll 

II 1 LtT 1 IjIVIjL 1 IUI LTALI LI J 1 V 1 1 y LJI 1 Lull 


(0.91, 


1.15) 


(0.88, 1.17) 




(0 40 




Senior or junior medical officer; 


1.01 




0.99 


Endocrine (surgical) 


0.84 




Intensivist exclusively on call 


(0.88, 


1.17) 


(0.86, 1.15) 




(0 56 


1 17) 


Senior or junior medical officer; 


1.16 




1.05 


Gastrointestinal (nonsurgical) 


0.98 




intensivist not exclusively on call 


(0.88, 


1.54) 


(0.78, 1.41) 




(0.90, 


1.06) 


Intensivist characteristics 








Gastrointestinal (surgical) 


1.27 


1.53) 


Full-time equivalent (FTE) intensivists 


1.00 




0.99 




(1.05, 


per bed (per additional 0.25 FTE) 


(0.97, 


1.02) 


(0.96, 1 .03) 


Genitourinary (nonsurgical) 


0.52 


0.57) 


Clinical experience of intensivists 


0.98 




0.98 




(0.48, 


weighted by FTE (per additional year) 


(0.96, 


1.01) 


(0.96, 1.01) 


Genitourinary (surgical) 


0.73 




Patient-level variables' 1 










(0.56, 


0.94) 


Age (per 1 0 years) 






1.39 

(1.37, 1.41) 


Hematologic/immunologic 
(nonsurgical) 


1.53 
(0.28, 


1.82) 
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Table 3 Structure of rounds/handovers, nighttime pattern 
of physician cover, and intensivist characteristics and 
acute hospital mortality (Continued) 

Hematologic/immunologic (surgical) 1.87 

(0.84, 4.19) 

Musculoskeletal (nonsurgical) 0.88 

(0.72, 1 .07) 

Musculoskeletal (surgical) - 1.13 

(0.89, 1 .44) 

Neurologic (nonsurgical) 1.78 

(1.65, 1.92) 

Neurologic (surgical) 2.34 

(1.86, 2.94) 

a Each univariable model was adjusted for the same patient-level variables 
(odds ratios not shown). 

weekdays and weekends were associated with higher 
risk-adjusted acute hospital mortality compared with no 
intensivist participation. No significant difference in risk- 
adjusted acute hospital mortality was found with add- 
itional continuous days of intensivist cover. The effect was 
similar when examining the effect of continuous intensi- 
vist cover as multiple compared with single or partial days 
(OR, 1.11; 95% CI, 0.99 to 1.24). 

Increasing ICU size was associated with a 7% increase 
in ICU LOS among survivors for each additional five 
beds (Table 4). In univariable models (adjusted for 
patient-level variables only), absolute number of rounds 
per week was associated with an increase in ICU LOS, 
and number of handovers in 24 hours was associated 
with a decrease in ICU LOS, but these effects did not 
persist when adjusted for other unit-level variables. Par- 
ticipation of intensivists in handover and additional days 
of intensivist cover were not associated with any differ- 
ence in ICU LOS. For multiple as compared with single 
or partial days of intensivist cover, the relative effect was 
0.99 (95% CI, 0.91 to 1.07). 

Nighttime cover pattern and outcome 

In the multilevel logistic regression model, nighttime 
cover pattern was not associated with risk-adjusted acute 
hospital mortality (Table 3). Further, no significant differ- 
ence in ICU LOS for survivors was seen with any patterns 
in nighttime cover, as compared with the most common 
pattern of a dedicated specialty registrar and an intensivist 
exclusively on call to the ICU (Table 4). 

Clinical care concentration/experience of intensivists and 
outcome 

No significant difference was seen in risk-adjusted acute 
hospital mortality with increasing intensivist staffing, as 
measured by the FTE per bed among all consultants on 



the ICU staff (Table 3). In the univariable analysis, for 
the addition of each 0.25 intensivist FTE per bed, ICU 
LOS for survivors decreased by 3%, but this effect was 
not significant after adjustment for other unit-level vari- 
ables (Table 4). The average experience of the intensivist 
within each ICU was also not associated with risk- 
adjusted acute hospital mortality (Table 3) or ICU LOS for 
survivors (Table 4). 

Discussion 

This study failed to demonstrate a relation between days 
of continuous cover by a single intensivist or grade of 
physician staffing at nighttime and risk-adjusted acute 
hospital mortality in patients admitted to adult, general 
ICUs in England. Further, risk-adjusted acute hospital 
mortality and ICU LOS were not associated with charac- 
teristics specific to the intensivist, such as intensivist 
FTE per bed or years of clinical experience. Unexpect- 
edly, intensivist participation in handover was, however, 
associated with increased risk-adjusted acute hospital 
mortality. 

Previous studies have shown decreased ICU and hos- 
pital mortality and LOS in closed units with transfer of 
primary care responsibility to a single intensivist-led team 
or mandatory intensivist consultation [1-3]. This question, 
however, is relevant only in the United States, where most 
ICUs are open [15-17]. In our study, all of the units were 
closed, which limited our ability to demonstrate differ- 
ences in outcome for this covariate. Likewise, the format 
of sessional as compared with weekly cover by a single 
intensivist is most consistent with a European staffing 
pattern. In contrast to our results, the 1999 UK Audit 
Commission found higher acute hospital mortality in 
units with sessional allocation compared with weekly 
cover. This finding pre-dates widespread implementation 
of standard ICU processes of care, such as ventilator-care 
bundles and lung-protective ventilation protocols, which 
may mitigate the effect of increased handovers that 
are inevitably required with sessional cover [6]. 

Investigations to date have focused on patient-related 
outcomes; as a result, little is known about the conse- 
quences of work schedules in intensive care on intensivists 
themselves. In a cluster randomized study of 2 weeks of 
continuous cover interrupted by weekend cover by a 
cross-covering physician, compared with 14 days of con- 
tinuous cover by a single consultant, the intervention 
group reported reduced burnout, improved work-life 
balance, and decreased work distress, without influen- 
cing patient outcomes [18]. Our data also suggest that 
less-cumbersome patterns of intensivist cover might 
be feasible. Sessional cover, which was not associated 
with increased risk-adjusted acute hospital mortality 
or ICU LOS, could reduce burnout, as it allows a limited 
number of hours or days of ICU cover. 
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Table 4 Structure of rounds/handovers, nighttime pattern 
of physician cover, and intensivist characteristics and ICU 
length of stay among survivors 

Relative effect (95% CI) 
Univariable Multivariate 



Table 4 Structure of rounds/handovers, nighttime pattern 
of physician cover, and intensivist characteristics and ICU 
length of stay among survivors (Continued) 

Location before admission 
(versus Emergency Department) 
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Table 4 Structure of rounds/handovers, nighttime pattern 
of physician cover, and intensivist characteristics and ICU 
length of stay among survivors (Continued) 

Hematologic/immunologic (surgical) - 1.22 

(0.92, 1.61) 

Musculoskeletal (nonsurgical) 1.01 

(0.95, 1 .09) 

Musculoskeletal (surgical) 0.92 

(0.87, 0.97) 

Neurologic (nonsurgical) - 0.71 

(0.69, 0.73) 

Neurologic (surgical) 0.15 

(1.09, 1.22) 

*Each univariable model was adjusted for the same patient-level variables 
(relative effects not shown). 

In our study, intensivist participation in handover was 
associated with increased risk-adjusted acute hospital 
mortality. This is likely to be a chance finding, as only 
nine of 130 units reported no intensivist participation, 
or it may be confounded by an unknown characteristic 
in those nine units. 

However, alternate possibilities are that intensivist 
participation during handover distracts from other 
patient-care tasks that have a direct positive impact 
on patient outcome, or that intensivist participation 
negatively influences the handover process. A potential 
mechanism for the latter effect is communication of an 
"authoritative" summary of each patient's clinical status 
that is insufficiently challenged by the on-call team when 
patients deteriorate. This hypothesis is supported by a 
single-center study that found more nighttime decisions 
and lower ICU mortality in patients exposed to on-call 
cross-covering fellows [19]. These findings contradict the 
dominant hypothesis that cross-coverage is associated 
with worse outcomes, and suggest that a "second look" by 
cross-covering fellows may mitigate cognitive errors. 

Further research is needed to determine the role of an 
intensivist in handover and possibly to improve approaches 
to handover communication. 

In a recent US study, nighttime intensivist staffing was 
associated with a reduction in risk-adjusted hospital 
mortality in ICUs with low-intensity daytime staffing 
[20]. However, among ICUs with high-intensity daytime 
staffing, nighttime intensivist staffing conferred no bene- 
fit. A second, single-center, randomized controlled trial 
comparing 7 days of nighttime staffing with in-hospital 
intensivists with daytime intensivists who were available 
by pager overnight showed no differences in patient out- 
comes [21]. In our study, greater than 95% of units were 
high intensity by US definitions, and our finding that the 
level of experience of the nighttime physician on-call did 



not influence patient outcomes is consistent with previ- 
ous work. However, our results should be interpreted 
with caution, given that very few {n = 4 of 130; 2.6%) had 
24-hour in-house (dedicated or cross-covering) intensivist 
staffing. 

The characteristics of the intensivists providing clinical 
care were hypothesized to be a confounder of the relation 
between cover pattern and risk-adjusted acute hospital 
mortality. It would make intuitive sense that a intensivist 
with more experience or who spent the majority of the 
time at the bedside doing clinical work would make 
up for other shortcomings in cover patterns. We found 
little evidence, however, to support this hypothesis, and, as 
a result, it is likely that unit-level factors may be more 
responsible for patient outcomes (for example, volume- 
outcome relation [22,23]; nurse-to- patient ratio [24,25] or 
other aspects of nursing organization; implementation of 
best practices) [15,26]. 

Examination of international differences in the provision 
of care to critically ill patients may provide further insight 
into unit-level characteristics responsible for stable mortal- 
ity rates across different intensivist cover patterns [27]. 

Strengths of our study include a rigorous approach to 
the development and testing of our questionnaire, a high 
response rate (limiting the risk of response bias), adjust- 
ment for severity of illness with a well-validated dataset, 
and a comprehensive set of covariates included in the 
analysis. 

Limitations of this study include small variations in 
certain variables of interest, which limits the power to 
detect very modest differences in outcomes across some 
aspects of cover patterns. Although we adjusted for vari- 
ables related to patient case mix and organizational issues 
at the hospital and ICU levels, the multivariable analysis 
would not take into account other unmeasured factors, 
such as adherence to evidence-based medicine guidelines 
or nurse-to-patient ratios. Further, our ability to detect a 
relation between intensivist cover pattern and out- 
come may also have been reduced by nondifferential 
measurement bias, in which all variables (whether ex- 
posure or covariate) have the same error rate or the 
same probability for misclassification [28,29], because 
of random errors in survey responses, a phenomenon 
that would bias associations to the null. However, we 
attempted to minimize this possibility by developing the 
survey with standard rigorous methods and piloting exten- 
sively before administration to ensure a common interpret- 
ation of questions. 

Future research should potentially focus on other ele- 
ments of service delivery and organization. Comprehensive 
staffing models, not limited to intensivist cover but evalua- 
ting all staff involved, may be one approach. Another ap- 
proach may be to evaluate other factors, such as adherence 
to evidence-based practices or processes (for example, 
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lung-protective ventilation strategies). If these elements of 
service delivery and organization are evaluated as effective 
and can be better understood, then other units may be able 
to implement similar models of care. 

Conclusions 

No relation was seen between days of continuous cover by 
a single intensivist, grade of physician staffing at night- 
time, or intensivist characteristics (for example, intensivist 
full-time equivalents per bed) and risk-adjusted acute hos- 
pital mortality. 

Key messages 

• No relation was seen between days of continuous 
cover by a single intensivist or grade of physician 
staffing at nighttime and acute risk-adjusted hospital 
mortality. 

• Acute risk-adjusted hospital mortality and ICU 
length of stay were not associated with intensivist 
characteristics (for example, intensivist full-time 
equivalents per bed or years of clinical experience). 
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